Preparation of cobalt(II) derivatives of type 1 copper proteins has been extended to include bean plastocyanin and azurin from Pseudomonas aeruginosa. Fluorescence quenching data suggest that Co(II) Recently we reported the successful preparation of a Co(II) derivative (1) of a blue (type 1) (2) Clearly, an opportunity now exists for a systematic study of the Co(II) derivatives of type 1 copper proteins that have different reduction potentials. Analysis of the d-d and charge transfer bands of such Co(II) proteins conceivably could generate a reasonable structural hypothesis for the wide variation in potential of type 1 copper. Further, close comparisons of the electronic spectra of analogous Co(II) and Cu(II) proteins should allow firm assignments to be made for the intense, visible absorption bands in the latter derivatives (2).
and cobalt(II)-azurin. In each case two visible bands with moderate intensities and two rather strong ultraviolet absorption peaks are observed. The intensity pattern and the separation of the two ultraviolet bands in the Co(II) derivatives correspond closely to the two intense, low-lying absorption peaks in the analogous, type 1 copper proteins. The evidence suggests that the intense, two-band systems represent ligand-to-metal charge transfer transitions in both Cu(II) and Co(I1) derivatives. It is proposed that the transitions in each case originate in the 3p7r and 3pa orbitals of a cysteine sulfur ligand at the type 1 site Recently we reported the successful preparation of a Co(II) derivative (1) of a blue (type 1) (2) (5) .
It has been shown previously that the apoderivatives of parsley plastocyanin (6), stellacyanin (7), and azurin (8) fluoresce more strongly than the corresponding native proteins. Partial fluorescence quenching also accompanies Co(II) binding to the three apoproteins under study here ( Fig. 1) (1 a consequence a greatly enhanced probability for nonradiative decay would be expected.
The Co(II) derivatives exhibit two distinct absorption bands in the ultraviolet region (Fig. 2) . In each case the more intense band occurs at higher energy. Assignment of these bands to allowed charge transfer transitions may be made with confidence, as no d-d excitations are expected to give rise to such high-energy, intense features. The remarkable correspondence of the separations (AP) of the two bands in the Co(IJ) derivatives with those between the two most prominent low-energy features in the electronic spectra of type 1 copper proteins strongly suggests that analogous transitions are involved (Table 1) . Furthermore, it is highly likely that all the bands under discussion are of the LMCT type, as such transitions would be expected to be significantly red-shifted in the Cu(II) proteins. Generally, a linear correlation (slope about 1) is found between reduction potential and LMCT band position in analogous series of metal complexes (10). Thus, the magnitude of the shift could be calculated if the reduction potentials of the Co(II) derivatives were known. With such potentials lacking, all that can be said is that the 13-16 kK (13,000-16,000 cm-') shift is reasonable for an LMCT assignment. For comparison, the lowest LMCT band in CuBr42 falls 18 kK below the corresponding absorption system in CoBr42- (11) . Definitive assignments for the two LMCT bands cannot be made until the ligand environment of type 1 copper is known. We tentatively suggest, however, that the transitions in question originate in the occupied 3p7r and 3pa orbitals of cysteine sulfur (cys-S-). There is a substantial amount of evidence that suggests one of the type 1 ligands is cys-S- (1, 6, 12) , and the observed band intensity pattern is readily understood in terms of lower energy 7r and higher energy a LMCT components (13) (14) (15) . In the Cu(II) derivatives, d-d transitions are expected to fall in the same region as the lowest LMCT bands (1) . However, the available evidence now indicates that such d-d bands are masked by the more intense LMCT absorptions.
The cobalt(II) proteins reveal two well-separated, somewhat unsymmetrical absorption bands in the visible region (Fig. 2) . The weak feature at 410 nm in the spectrum of Co-(II)Az is attributable to a trace amount of a cytochrome impurity. It should also be noted that the spectrum of Co(II)St shown in Fig. 2 is of better quality than the one we previously reported at higher pH (1), owing mainly to improved preparative procedures. The molar extinction coefficient of 450 at 640 nm is somewhat larger than our earlier value (1).
Electron (17) , even in cases where thioether and tertiary phosphine ligands are present (18, 19) . As all three Co(II) proteins exhibit e values considerably greater than 250, a distorted tetrahedral coordination geometry appears the more attractive of the two models under consideration. In fact, it may be noted that the d-d band patterns of the type 1 Co(II) proteins are similar to those observed for the anion derivatives of Co(II) carbonic anhydrase (20) , and it is highly likely that the latter derivatives possess distorted tetrahedral Co(II) centers (17, 20) . Particularly striking are the close d-d spectral similarities between the HS-derivative of Co(II) carbonic anhydrase and Co(II)St, although the latter exhibits somewhat smaller E values. We must emphasize, however, that the observed d-d band patterns of the type 1 Co(II) proteins only require a low binding-site symmetry, and a determination of coordination number cannot be made with confidence until a much larger body of physical data is available for these systems.
